Introduction {#sec1-1}
============

The major prognostic factors for breast carcinoma include histological type, grading, axillary lymph node status, lymphatic and vascular invasion, hormone receptor status and surface epithelial growth-factor receptors. Still others are DNA ploidy, human epidermal growth factor-2 (HER-2) oncogene, cathepsin-D, angiogenesis and mutant p53 expression.\[[@ref1]\] However, none of these is shown to have an independent significance as a single prognostic marker.

Grading of breast carcinoma carries a prognostic significance. Patients with Grade I tumors have a significantly better survival than those with Grade II and III tumors.\[[@ref2]\] The role of histological grading in breast cancer is well established whereas the grading on cytologic smears is not widely practiced. The purpose of grading of breast cancer on fine needle aspiration cytology (FNAC) is to plan the preoperative treatment as high-grade tumors respond to chemotherapy, and low-grade tumors are treated with tamoxifen.\[[@ref3]\] Thus, the morbidity associated with under-treatment of high-grade tumors and over treatment of low-grade tumors can be avoided.\[[@ref4]\] Cytological grading is also important for patients who may receive chemotherapy prior to resection of the tumor or those with metastases.\[[@ref5]\]

The prognostic and therapeutic implications of estrogen receptor (ER) and progesterone receptor (PR) in breast cancer have been studied extensively. Up to 75% of primary breast carcinomas express ER, about 50% co-express PR and about 20% have no ER or PR expression.\[[@ref6]\] Hormone receptor determination acts primarily as a predictive factor for response to therapeutic and adjuvant hormonal therapy.\[[@ref7]\] The presence of ER is related to a favorable response to tamoxifen therapy and improved overall survival.

The aim of this study was to grade breast cancer on FNAC and correlate with histological grading and further, to determine the ER and PR expression on immunocytochemistry (ICC) on smears and compare the results with immunohistochemistry (IHC) on surgical material, in order to establish the degree of cytohistologic correlation.

Materials and Methods {#sec1-2}
=====================

The present prospective study was conducted on 50 primary breast carcinoma cases diagnosed on FNAC. Only those cases, who had not received prior radiotherapy or neo-adjuvant chemotherapy, were included. Patients who had undergone prior biopsy and pregnant patients were excluded from the study. The histopathology tissue in the form of core-biopsy, lumpectomy or mastectomy was studied in all the cases. The study protocol was approved by the Institute ethics committee and informed consent was obtained from all patients.

Fine-needle aspiration cytology {#sec2-1}
-------------------------------

Fine-needle aspiration was performed by the standard technique using a 22-23G needle attached to a 10 mL syringe fitted onto a Franzen\'s handle. One or two passes were taken to obtain adequate material and 5-7 slides were prepared. Both wet and air-dried smears were made and stained with May-Grünwald-Giemsa, Hematoxylin and Eosin (H and E) and Papanicolaou stains. Tumor typing and grading was done into three-tier system of Grade I, II and III according to the Robinson\'s cytological grading.

Histopathological examination {#sec2-2}
-----------------------------

Mastectomy was done in 36 (72%), core-biopsy in 8 (16%) and lumpectomy in 6 (12%) cases. The paraffin embedded and formalin fixed sections were stained by routine H and E staining. The sections were studied for the tumor type and grading using the Nottingham modification of Bloom-Richardson system of grading.

Immunocytochemistry and immunohistochemistry {#sec2-3}
--------------------------------------------

Estrogen receptor and PR IHC was performed on 3 micron thick sections cut from the formalin fixed paraffin embedded tissue. For ICC, the air-dried smears were fixed in equal amounts of methanol and ethyl alcohol for 20 min. Antigen retrieval was done in citrate buffer at pH 9 in the microwave for 6-8 min and slides were washed with Tris buffer. Endogenous peroxidase was blocked with 0.3% hydrogen peroxide in distilled water for 20 min, followed by rinsing in buffer. Smears and sections were incubated with primary ER/PR antibody (DAKO, Denmark) for 1 h, rinsed in buffer and incubated with streptavidin-peroxidase detection system (DAKO real envision) after applying the secondary antibody. The slides were washed with Tris buffer, and chromogen diaminobenzidine (DAKO) was applied for 5-7 min. After washing with water, counterstaining with hematoxylin was done.

The positive controls consisted of smears/sections of fibroadenoma. The negative control was a smear/section where the primary antibody was omitted and substituted with buffer. Cases with nuclear positivity in more than 10% of the tumor cells were taken as positive. The smears and the histopathology tissue sections were evaluated separately.

Results {#sec1-3}
=======

All the 50 patients were females and the age ranged from 27 to 78 years with a mean of 52.08 ± 12.6 years. Maximum number of patients, 16 (32%) were in the 5^th^ decade of life. Forty nine (98%) were multipara while 1 (2%) was a nullipara. Twelve (24%) were premenopausal, whereas 38 (76%) were postmenopausal. All the patients presented with a common complaint of palpable breast lump, which was single and unilateral in all the cases. The duration of lump varied from 15 days to 18 months with a mean of 6.1 months.

Cytological findings {#sec2-4}
--------------------

On cytological evaluation, 49 (98%) tumors were categorized as infiltrating ductal carcinoma (IDC) and 1 (2%) as colloid carcinoma. Of 49 cases of IDC; 6 (12.2%) were Grade I, 31 (63.3%) were Grade II whereas 12 (24.5%) were Grade III tumors. One case of colloid carcinoma was put in Grade I category. On immunostaining, 17 (34%) cases were both ER and PR positive, 33 (66%) were both ER and PR negative.

Histological findings {#sec2-5}
---------------------

In 42 cases of lumpectomy and mastectomy specimens, the tumor size was \<2 cm (pT1) in 1 (2.4%), between 2 cm and 5 cm (pT2) in 33 (78.6%) and \>5 cm in 8 (19%) cases.

The most frequent histological subtype was IDC (not otherwise specified) in 49 (98%) cases, of which 2 showed areas with mucinous change. One (2%) case was of colloid carcinoma. Of 49 cases of IDC; 10 (20.4%) were Grade I, 32 (65.3%) were Grade II, and 7 (14.3%) were Grade III. One case of colloid carcinoma was Grade I.

Estrogen receptor and PR immunostaining could be assessed in 47 of 50 cases. In one case the tiny core-biopsy was consumed during processing while in 2 cases the tissue section floated during immunostaining even after repeated efforts. Out of 47 cases; 27 (57.4%) were ER positive, 26 (55.3%) were PR positive and both ER and PR were positive in 25 (53.2%) cases. On correlation of grading with IHC, 9 of 11 (81.8%) Grade I tumors and 16 of 32 (50%) Grade II tumors \[[Figure 1](#F1){ref-type="fig"}\] were positive for both ER and PR. All Grade III tumors and 12 (37.5%) Grade II tumors were negative for both ER and PR.

![(a-f) Case of infiltrating ductal carcinoma Grade II. (a) Cytological smear showing clusters of moderately pleomorphic tumor cells (MGG, ×200). (b) Section showing tubules and some solid clusters of tumor cells with moderate nuclear pleomorphism (H and E, ×200). (c) Immunocytochemistry (ICC) for estrogen receptor (ER) showing positivity in tumor cells (Immunoperoxidase, ×400). (d) Immunohistochemistry (IHC) for ER showing immunoreactive tumor cells (Immunoperoxidase, ×400). (e) ICC for progesterone receptor (PR) showing strong nuclear positivity. (Immunoperoxidase, ×400). (f) IHC for PR showing strong nuclear immunoreactivity in tumor cells (Immunoperoxidase, × 400)](JCytol-32-1-g001){#F1}

Correlation of cytological and histological findings {#sec2-6}
----------------------------------------------------

On comparing cytological and histological grading, 39/50 (78%) cases were correctly graded on cytology. The concordance rate was 7/7 (100%) for Grade III tumors, 26/32 (81.3%) for Grade II and 6/11 (54.5%) for Grade I tumors. Six cases with histologic Grade II were discordant of which five were reported as Grade III and one as Grade I on cytology. All the five discordant Grade I cases were reported as Grade II on cytology \[[Table 1](#T1){ref-type="table"}\]. The overall concordance rate between grading on cytology and histology was moderate with a kappa value (overall agreement relative to expected agreement by chance alone) of 0.59.

###### 

Comparison of grading on histology and cytology

![](JCytol-32-1-g002)

Estrogen receptor and PR status was assessed on both the aspirate smears and histological sections. The results were concordant in 33 (70.2%) cases and discordant in 14 (29.8%) cases as shown in [Table 2](#T2){ref-type="table"}. Of 25 cases showing both ER and PR positivity on IHC, 15 cases were positive for both the receptors on ICC. Of 19 ER and PR negative cases on IHC, 1 case was positive for ER and PR on ICC. The correlation between cytology and histology for ER and PR was 72.3% and 74.5%, respectively. The concordance rate between ICC and IHC was moderate with a kappa value of 0.47 and 0.50 for ER and PR, respectively.

###### 

Correlation of ER, PR on ICC and IHC (*n* = 47)
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Discussion {#sec1-4}
==========

The patients of breast cancer are subjected to FNA as a part of the triple assessment before proceeding on with any form of treatment. Moreover, in the developing countries FNA is in fact the most common preliminary procedure in cases of palpable breast lumps. To decide on the best possible neo-adjuvant chemotherapy or hormonal therapy, knowledge about steroid receptor status is a must. Therefore, most of these cases undergo a second biopsy for the sole purpose of IHC. This practice in itself has many disadvantages in that it exposes the patient to a second invasive procedure, with an extra cost involved in the proceedings and the theoretical risk of micro-metastasis.

Although several markers have been used to identify specific prognostic groups and predict response to treatment, histological grade still remains one of the best predictors of tumor behavior. The assignment of histological grade to all the breast cancers has therefore been recommended as a standard in all surgical pathology reports. Since in most cases, FNAC is a source of primary diagnosis and many treatment options are made preoperatively based on this, as much prognostic information should be gained from the cytological material as possible. In the current study, 78% cases of carcinoma breast were correctly graded on cytology. Variable concordance ranging from 64% to 89.1% has been reported by previous studies in the literature.\[[@ref4][@ref5][@ref8][@ref9][@ref10]\] In the present study, concordance rate was maximum for Grade III tumors (100%) and minimum for Grade I tumors (54.5%). In all the discordant cases, the cytological grade was next lower or higher grade. Not a single case had miscorrelation of more than one grade. The reason for the discordance may include lack of tubules and mitosis as criterion for grading in the aspirated material, which are important histological features.

In the present study IHC was aimed to be performed on histological specimens in all the cases but in 3 cases it could not be done either because of the tiny tissue or technical reasons. So, finally the IHC results were available in 47 cases, of which 27 (57.5%) were positive for ER and 26 (55.3%) were positive for PR. The results of IHC are in concordance with many Indian studies which have reported ER and PR positivity rate varying from 40% to 45% and 30% to 40% respectively.\[[@ref11][@ref12][@ref13]\] However, in the western literature, majority of the studies have reported a high positivity rate of 60-70% for both ER and PR in breast carcinoma.\[[@ref14][@ref15][@ref16][@ref17][@ref18]\]

Although IHC for ER and PR on sections/cell blocks is considered better than ICC on cytology smears, a satisfactory correlation was seen between the two in the present study. The concordance of ER and PR on IHC and ICC was 72.34% and 74.46%, respectively. Variable concordance of ER/PR on aspirate smears versus histopathology sections ranging from 50% to 98% for ER and 29% to 95% for PR has been observed in different studies.\[[@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25]\] ER expression was found to be false negative on aspirates in 12 cases while 1 case was positive on smear where IHC failed to demonstrate the positivity. Eleven cases showed false negativity for PR expression on smears while 1 case was positive on ICC which was negative on IHC.

The false negative immunochemistry on aspirate smears can be attributed to many reasons. Low cellularity in the smears is an important factor. Improper fixation and the type of fixative can affect the results on ICC.\[[@ref26]\] A variety of fixatives have been used like periodate lysine paraformaldehyde at room temperature, a formalin-acetone sequence at −10°C, 95% alcohol, 10% buffered formalin at room temperature; a mixture of ethanol, isopropanol and polyoxyethylene. A single fixative that can be used to study both morphology and receptor status would be ideal. Another cause for false negativity can be inefficient antigen retrieval.\[[@ref27]\] Different combinations of heating devices and antigen retrieval solutions are available. Ethylene diamine tetra acetic acid is thought to be a superior antigen retrieval solution irrespective of the heating method used.\[[@ref28]\] Tissue heterogeneity, inadequate tissue samplings, hormone receptor alterations during storage, the methodological pitfalls, different antibodies used for various ICC and IHC assays are other reasons attributed.\[[@ref29]\]

In the current study cases with nuclear positivity for ER/PR antibody in more than 10% of the tumor cells were taken as positive. The ER/PR receptor expression is undoubtedly a prerequisite to plan effective clinical management in breast cancer patients.\[[@ref30]\] FNA material can also be used for evaluation of HER-2/neu status. Patients with HER-2/neu overexpression are likely to benefit from chemotherapy, hormone therapy and immunotherapy.\[[@ref31]\] However, HER-2/neu staining was not a part of current study.

To conclude, the present study demonstrates the usefulness of grading breast carcinoma on aspirate smears. The hormone receptor status can be studied on cytology smears and the patients can be treated with hormonal therapy on the basis of FNAC, thus a surgical procedure can be avoided in a good number of cases.
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